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[Abstract] 

[Problems to be solved] To provide a back light capable of controlling 
patterns without reducing the front luminance of the back light even 
sheets used are stacked one over another. 

[Means of solution] A back light comprises a light guide, a light source 
the aforementioned light guide, and a lens sheet installed on the light 
aforementioned light guide, in which the aforementioned lens sheet has 
one surface a number of lens units having triangular sections are formed 
ridges of the individual lens units are formed wavy with a center line 
um Rmax. 



g sneration of light-dark 
many of the prism 



wh< n 



nstalled at one end of 
emission side of the 
. lens surface on whose 
in parallel, and the 
tii0an roughness of 1-3.2 




[Claims of the invention] 

[Claim 1] A back light comprises a light guide, a light source instal 
aforementioned light guide, and a lens sheet installed on the light emiss 
aforementioned light guide, which back light is characterized by the fact 
the lens sheet has a lens surface on one surface of which a number of lejis 
sections are formed in parallel, and the ridges of the individual lens units 



led at one end of the 
on side of the 
that the aforementioned 
units having triangular 
are formed wavy with a 
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center line mean roughness of 1 -3.2 jam Rmax. 

[Claim 2] The back light described in claim 1 characterized by the f^ict that multiple lens 
sheets are laid one over another on the light guide at the emission side, ahd the ridges of the lens 
units of the lens sheet installed at least on the under side of the aforementioned group of lens 
sheets is formed wavy with the center line mean roughness of 1 -3.2 urn tmax. 
[Claim 3] The back light described in claim 1 or claim 2 characterized by the fact that the 
lens units of the aforementioned lens sheet are formed on a transparent b(ase material with an 
active energy curable resin. 
[Detailed description of the invention] 
[0001] 

[Technical field of the invention] The present invention pertains to a back light used for liquid 
crystal display devices, etc., and to a back light with an absence of forma tion of a light-dark 
pattern even in an arrangement where many lens sheets are laid one ovei 
[0002] 

[Prior art] In battery driven products such as portable notebook type personal computers 
equipped with color liquid crystal display device, portable liquid crystal 
liquid crystal panels, or liquid crystal TVs with built-in video, the power 
liquid crystal display device limits the battery-powered operation time, 
the power used in liquid crystal display device for the back light is high, 



another and used. 



TVs that utilize color 
requirement of the 
n particular, the ratio of 
and reducing the 



aforementioned power requirement as low as possible is an important topic for increasing the 
battery-powered operation time and service value of the aforementioned products. 
[0003] However, when luminance of the back light is reduced upon reducing the power 
requirement of the back light, the liquid crystal display is hard to see. Thus, an improvement in 
optical efficiency of back light is desired to reduce the demand without sacrificing the luminance 
of the back light. As a means to achieve the aforementioned state, a bac : light in which a lens 
sheet having many lens units formed by rows of prisms or rows of lentic ilar lenses on one 



-4- 



In the past, in order to 
as precise as possible 
on the light guide at the 
Newton rings is formed 



Translation of KOKAI PATENT APPL CATION NO. 2000-1 8061 3 

surface as shown in Fig. 3 is installed on the emission side of the light g lide has been proposed. 
[0004] 

[Problems to be solved by the invention] 
In the aforementioned lens sheet, the light emitted from the back light isl refracted and directed in 
the front direction so as to increase the front luminance and to increase the optical efficiency of 
the back light. Furthermore, in order to further increase the front lumira Jice, use of the 
aforementioned lens sheets stacked one over another is being practiced, 
increase the front luminance of the back light, formation of a lens shape s 
was required. However, when the aforementioned lens sheet is installec i 
emission side and is stacked one over another, light-dark pattern such as I 
and the good image quality of the liquid crystal display is lost. The forr lation mechanism of the 
aforementioned light-dark pattern is not well understood, but it is hypot lesized that it is caused 
by linear contact between the ridge lines of the lens units of the lens shest located underneath 
and the back surface of the lens sheet located above, or by the phenomei la described below. 
[0005] In general, in order to precisely transfer a fine pattern, the lens s leet is made of a plastic 
material having excellent transparency such as a polycarbonate resin, acrylic resin, or active 
energy curable resin having good moldability. In the aforementioned plastic materials, the 
intermolecular force is relaxed with an increase in the surrounding temperature and rubbery 
elasticity is achieved, and it undergoes deformation at the apex of the le is unit when a force is 
applied from liquid crystal display element, etc. or distortion that occun at the time of assembly 
of the back light remains, and the linear contact with the lens sheet stacl ;ed above becomes 
surface contact and the light-dark pattern is formed as a result of a chan ;e in optical properties in 
the aforementioned areas. 

[0006] The purpose of the present invention to provide a back light capable of controlling 
generation of a light-dark pattern without reducing the front luminance * 
used as many prism sheets are stacked one over another. 



• )f back light even when 
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the present inventors in 



are formed with a 



a number of lens units 



t guide, and a lens sheet 



[Means to solve the problem] As a result of much research conducted by 
an effort to eliminate the aforementioned existing problems of conventio lal back lights, the 
inventors discovered that formation of the light-dark pattern could be pit vented even when lens 
sheets are stacked one over another when the lens units of the lens sheet 
specific shape, and as a result, the present invention was accomplished. 
[0008] Thus, the present invention is a back light characterized by the fajct that the 
aforementioned the lens sheet has a lens surface on one surface of which i 
having a triangular section are formed in parallel, and the ridges of the ii dividual lens units are 
formed wavy with a center line mean roughness of 1-3.2 jam Rmax in a >ack light comprising a 
light guide, a light source installed at one end of the aforementioned ligl 1 
installed on the light emission side of the aforementioned light guide. 
[0009] 

[Embodiment of the invention] As shown in Fig. 1, many lens units 7 arfe formed in parallel on 
one surface of a transparent sheet in the lens sheet 2 of the present inver tion, and as shown in 
Fig. 2, it is important that waviness is formed so that the ridge lines 8 cc [responding to the 
apexes of the individual lens units 7 form wavy lines with a center line mean roughness of 1-3.2 
^un Rmax. The reason for this is because when the center line mean roi 
Rmax, formation of light-dark pattern as a result of contact among the n lany lens sheets becomes 
obvious; on the other hand, when the center line mean roughness excee< s 3.2 ^im Rmax, the 
front luminance of the back light is reduced, and it is further desirable when the aforementioned 
value is in the range of 1 .0-3.0 ^im. It should be noted that the center lii ie mean roughness in the 
present invention is the center line mean roughness specified in JISB00 51, and is the center line 
mean roughness when a standard length of 0.8 mm is used. 

[0010] In the present invention, the shape of the lens unit formed on thd surface of the 
aforementioned lens sheet 2 is not especially limited, and for example, ; i prism shape, lenticular 
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tely 



lens shape, waveform shape, etc. can be mentioned. Among those listed 
especially desirable from the standpoint of an increase in the front 
Furthermore, it is desirable when the thickness of the lens sheet is in the 
0.1-3 mm and the pitch of the lens units 7 is in the range of approximai 
furthermore, when a prism sheet is used as lens sheet 2, the prism apex is 
selected to sufficiently increase the front luminance according to the 
emitted from light guide 3, and in general, an angle in the range of 60- 
[001 1] It is desirable when the lens sheet 2 of the present invention is 
having high visible light transmittance and a relatively high index 
acrylic resins, polycarbonate resins, vinyl chloride resins, active energy 
can be mentioned. Among those listed above, active energy beam curab 
desirable from the standpoint of scratch resistance, handling ease, and 
sheet. In the present invention, additives can be included such as 
absorbers, anti-yellowing agents, blueing agents, pigments, and dispersi 
[0012] The method used for forming the ridge lines 8 of the aforementic 
lens sheet of the present invention is not especially limited as long as the 
unit has a center line mean roughness in the range of 1-3.2 urn Rmax 
where molding is done with a cut lens produced by cutting while pr< 
the time of cutting the lens pattern, a method where the ridge lines of the 
conventional lens sheet are cut using a fine sand paper, etc., and other 
mentioned. 

[0013] For the method used for production of the lens sheet 2 of the 
molding methods such as extrusion molding method and injection 
When the lens sheet is produced with an active energy beam curable 
formed onto a transparent base material 9 such as a transparent film or 
energy beam curable resin. First, an active energy beam curable resin i< 



F^n 



ibove, a prism shape is 
luminance of the back light. 
] ange of approximately 
30 |im-0.5 mm. And 
an angle appropriately 
directionality of the light 
degrees is suitable, 
produced with a material 
of refrpction, and for example, 
team curable resins, etc. 
e resins are especially 
productivity of the lens 
antioxidants, ultraviolet 
g agents. 

led lens unit 7 of the 
waviness of the lens 
example, a method 
■ovidjng a specific vibration at 
lens units of a 
mlethods can be 



pretent invention, standard 
mold ng method can be used. 
res|n, the lens member is 
sheet with an active 
injected into a lens 
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bisei 



mold having a specific lens pattern and the aforementioned transparent 
superposed. Then, an active energy beam such as ultraviolet rays and an 
applied through the aforementioned transparent base material 9 to 
aforementioned active energy beam curable resin solution to cure and su 
from the lens mold to produce lens sheet 2. 

[0014] For active energy beam curable resins that can be used for forminjg 
aforementioned lens sheet 2, polyfunction^ (meth)acrylic compounds su 
thiophenyl)sulfide, 2,4-dibromophenyl(meth)acrylate, 2,3,5-tribromophi 
bis(4-(meth)acryloyloxyphenyl)-propane, 2,2-bis(4-(me1 
2,2-bis(4-(meth)acryloyloxydiethoxyphenyl)propane, 2,2-bis(4- 
(meth)acryloylpentaethoxyphenyl)propane, 2,2-bis(4-(meth)acrylo; 
dibromophenyI)propane, 2,2-bis(4-(meth)acry loy loxydiethoxy-3 ,; 
bis(4-(meth)acryloyloxypentaethoxy-3,5-dibromophenyl)propane, 2,2-bi 
ethoxy-3,5-dimethylphenyl)propane, 2,2-bis(4-(meth)acryloyloxy ethoxj 
phenylphenyl)propane, bis(4-(meth)acryloyloxy phenyl)sulfone, bis(4-(i 
phenyl)sulfone, bis(4-(meth)acryloyloxypentaethoxyphenyl)sulfone, 
(meth)acryloyloxyethoxy-3-phenylphenyl)sulfone, bis(4 
dimethylphenyl)sulfone, bis(4-(meth)acryloyloxyphenyl)sulfide, bis(4-( 
phenyl)sulfide, bis(4-(meth)acryloyloxypentaethoxyphenyl)sulfide, bis(^ 
(meth)acryloyloxyethoxy-3-phenylphenyl)sulfide, bis(4-(meth)acryloyl 
dimethylphenyl) sulfide, di((meth)acryloyloxyethoxy)phosphate and tri(i 
• acryloyloxyethoxy)phosphate can be mentioned. The aforementioned re 
independently or a combination of two or more resins may be used. 
[001 5] Furthermore, for adjustment of the index of refraction of the 
energy beam curable resin, vinyl compounds such as styrene, vinyl toluefre : 
dichlorostyrene, bromostyrene, dibromostyrene, divinyl benzene, 1-viny 



material 9 is 
active energy beam is 
polym jrize the 

>sequently removed 



the lens units of the 
h as bis(methacryloyl 
ieriyl(meth)acrylate, 2,2- 
th)acryloyloxyethoxyphenyl)propane, 

•yloxy ethoxy-3,5- 
5-dibro nophenyl)propane, 2,2- 
;94-(meth)acryloyloxy 
-3- 

iteth)acryloyloxyethoxy 
bis(|4- 

(meth)acryloyl(|xyethoxy-3,5- 

r|ieth)acryloyloxyethoxy- 



ox 



yethoxy-3,5- 
meth)- 

sins may be used 



afortmentioned active 
, chlorostyrene, 
naphthalene, 2-vinyl 
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naphthalene, and N-vinyl pyrrolidone, (meth)acrylates such as phenyl(mi !th)acrylate, 
benzyl(meth)acrylate and biphenyl(meth)acrylate, allyl compounds such as diallyl phthalate, 
dimethacryl phthalate and diallyl biphenylate, salts of metals such as bar um, lead, antimony, 
titanium, tin, and zinc and (meth)acrylic acid may be used with the afore nentioned 
polyfunctional (meth)acrylic compounds. Furthermore, the aforementioned compounds may be 
used independently or in combination. i 
[0016] For the photo-radical-generating catalysts used in the aforementk ned active energy beam 
curable resins, for example, 2- hydroxy-2-methyl-l-phenylpropane-l-on : 
hydroxycyclohexylphenyl-ketone, methylphenylglyoxalate, 2,4,6-trimetl ylbenzoylphosphine 
oxide, benzyldimethylketal, etc. can be mentioned. In the lens sheet 2 w th the lens member 
formed with an active energy beam curable resin, the material of the aforementioned transparent 
base material 9 used is not especially limited as long as a material capable of transmitting an 
active energy beam such as ultraviolet rays or an electron beam is used, i nd for example, a soft 
glass sheet, etc. may be used, but transparent resins such as polyester res i 
polycarbonate resins, vinyl chloride resins, and polymethacrylimide resins, are especially 
desirable. 

[0017] As shown in Fig. 1, light source 4 such as a fluorescent lamp is arranged at one end of 
light guide 3, and lens sheet 2, lens units are superposed on the aforementioned light guide 3. 
Furthermore, in general, diffusion sheet 6 is stacked onto the emission si rface of the 
aforementioned light guide 3 and reflective layer 5 is formed by a reflecting film, etc. on the 
surface opposite from the aforementioned emission surface. 
[0018] In back light 1 of the present invention, in general, two lens sheefe 2, 2' are used, and the 
first lens sheet 2 and the second lens sheet 2' are laminated with the lens 
an angle or parallel. The aforementioned lens sheets 2 and lens units are z 



manner that each lens surface faces either up or down, and furthermore, Jirrangement can be 



made in such a manner that lens surfaces of the lens sheets face in oppos 



units 7 of each lens at 
arranged in such a 



te directions as well. In 
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the back light of the present invention, it is desirable when the lens units 
sheet 2 are parallel to light source 4. 

[0019] When many lens sheets are stacked one over another in such a 
surface of each sheet faces upward in the present invention, it is desirable 
among the lens sheets other than lens sheet T located on the top is forme I 
having ridge lines 8 having the aforementioned specific center line mean 
words, as shown in Fig. 1, it is desirable when a lens sheet, having ridge 1 
waviness having the specified center line mean roughness, is used for at 
2 installed on the lower side when two lens sheets 2, 2' are installed. 
[0020] In the back light 1 of the present invention, the structure is not li 
shown in Fig. 1 and a variety of structures can be used according to the 
For example, light source 4 is arranged on at least one end of the light 
sources 4 may be arranged, as needed, as well. Furthermore, the emissic 
guide 3 may be formed into a diffusion surface or lens surface and 
energy adjustment means may be provided by printing, etc. so that unifofrn 
emitted over the entire surface of the light guide. And furthermore, the 
aforementioned light guide 3 may be sheet-form, wedge-shaped, boat-si 
[0021] 

[Working Examples] The present invention is explained further in 
working examples below. 
Working Example 1 

An ultraviolet ray curable type resin solution with the composition showjn 
a brass lens mold of approximately A4 cut sheet size with a prism patteiji 
50 urn and an apex of 95 degrees while applying vibration of amplitude 
approximately 300 Hz, a polyethylene terephthalate film having an A4 
125 |im was superposed onto the lens mold, and ultraviolet rays were a| 



of at least one lens 



manner that the lens 

when at least one sheet 
into a lens sheet 2 
roughness. In other 
ines 8 provided with a 
east the first lens sheet 

United to the structure 
i itended application, etc. 

3, but many light 
n surface of the light 
furthermore, a luminous 

beam of light can be 
hape of the 
haped, etc. 

speci: ic terms with the 



below was poured into 
having a lens pitch of 
of 2 urn and cycle of 
and a thickness of 
plplied from an ultraviolet 
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lamp (intensity of 80 W/cm, 6.4 KW) arranged approximately 300 mm 
terephthalate film side to cure the aforementioned ultraviolet ray curable 
resin sheet was peeled from the lens mold to produce a prism sheet. 
[0022] 

Ultraviolet ray curable resin composition 

(1) Bisphenol A dimethacrylate modified with 

ethylene oxide (product of Hitach Kasei Co., Ltd., Fancryl FA-321M) 

(2) Acryloxydiethoxyphenylpropane diacrylate (product of 
Mitsubishi Rayon Co., Ltd., Daiya-Beam 4117) 

(3) Tetrahydroxyfurfurylacrylate (product of 
Mitsubishi Rayon Co., Ltd., Daiya-Beam 2106) 

(4) 2-hydroxy-2-methy 1-pheny Ipropane- 1 -on 
(product of Merck Co., Darocur 1 173) 



a>ove 



[0023] The ridge lines of each row of prisms produced had a waviness 
roughness (standard length of 0.8 mm) based on the JIS B0061 of 1.8 
2. Two of the aforementioned prism sheets were used and a back light 
in Fig. 1, and the front luminance was measured 1 m above the 
with a BM 7 luminance meter of Topcon Co. The luminance ratio was 
luminance without prism sheet was 1 . Furthermore, formation of a 
examined visually at each temperature of 40°C, 60°C, and 80°C 
below. And the results obtained are shown in Table I below. 
[0024] 

O: light-dark pattern was hardly recognized. 
[0025] 

A: light-dark pattern was slightly recognized. 



the polyethylene 
resin solution, then, the 



50 parts by weight 
10 parts by weight 
40 parts by weight 
1 .5 parts by weight 



vith ; 



i nit 



a center line mean 
Rmax as shown in Fig. 
was formed as shown 
aforementioned back light unit 
992 when the front 
lighlf-dark pattern was 
according to the criteria shown 
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and 



tie 



with i 



[0026] 

x: Obvious light-dark pattern was observed. 
[0027] Comparative Example 1 

A brass lens mold of approximately A4 cut size with a prism pattern hav 
nm and apex of 95 degrees without application of vibration was used, 
produced with the same materials and by the same method described in 
Working Example 1 . 

[0028] The ridge lines of each row of prisms produced had a waviness 
roughness (standard length of 0.8 mm) based on the JIS B0061 of 0.15 
the aforementioned prism sheets were used and a back light unit was 
and the front luminance was measured from 1 m above the aforementioned 
BM 7 luminance meter of Topcon Co and the luminance ratio was defined 
formation state of light-dark pattern was examined visually under the 
and the results obtained are shown in Table I below. 
[0029] Working Example 2 

The ridge lines of the rows of prism of the prism sheet produced in the 
Comparative Example 1 were cut with #1200 sandpaper fastened to a pi 
waviness of the center line mean roughness (standard length of 0.8 mm) 
of 2.8 jam Rmax as shown in Fig. 2. 

[0030] Two pieces of the aforementioned prism sheets were used and a 
formed as shown in Fig. I, and the front luminance was measured from 
aforementioned back light unit by BM 7 luminance meter of Topcon Co. 
was 0.985 when the front luminance without a prism sheet was 1 . 
light-dark pattern was examined visually under the aforementioned 
obtained are shown in Table I below. 
[0031] 



a center line mean 
Rmax. Two pieces of 
forfried as shown in Fig. 1, 
back light unit with a 
as 1 . Furthermore, 
aforementioned condition, 



ng a lens pitch of 50 
a prism sheet was 
aforementioned 



aforementioned 
ite so as to provide a 
based on the JIS B0061 

)ack light unit was 
m above the 
The luminance ratio 
Furthermore, formation of a 
conditions, and the results 
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[Table I] 





Center line 

mean 
roughness 
(nm Rmax) 


Luminance 
ratio 


Formation stat 


; of light-dark pattern 


40°C 




60°C 


80°C 


Working 
Example 1 


1.8 


0.992 


O 




O 


A 


Working 
Example 2 


2.8 


0.985 


O 




O 


O 


Comparative 
Example 1 


0.15 


1 


A 




X 


X 



1 made of a conventional 



As clearly shown by the results in Table I, according to the present inve ition, production of a 
back light capable of controlling generation of the light-dark pattern wit lout reducing the front 
luminance of the back light even when many prism sheets are stacked o le over another is made 
possible as shown in Working Examples 1 and 2. On the other hand, formation of a light-dark 
pattern was clearly observed in the back light of Comparative Example 
prism sheet when many prism sheets are stacked one over another and i sed. 
[0032] 

[Effect of the invention] As explained in detail above, according to the 
production of a back light capable of controlling generation of a light-d irk pattern without 
reducing the front luminance of back light even when used as many pri ;m sheets are being 
stacked one over another is made possible. 
[Brief description of the figures] 

[Fig. 1] A partial perspective view of a structural example of thej back light of the present 
invention. 

[Fig. 2] A partial schematic perspective view of the back light of the present invention. 



)resent invention, 
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[Fig. 3] A partial schematic perspective view of the back light of the prtyr art. 
[Explanation of codes] 

1 ... back light 

2 ... lens sheet 

3 ... light guide 
4 ... light source 
5 ... reflective layer 
6 ... diffusion sheet 
7 ... lens unit 
8 ... ridge line 

9 ... transparent base material 



[Fifr 1] 
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[Fig. 2] 
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